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TflolH #^§- 7Wb ^TjlJL^f H^I^^IM TflojE a}o]o] 7 ] 

^eflol #^--4, #71 tiVTE^l 7l^ 0 HlA] a 0 v 7 i ^ ^ =5)1^1 ^ A}^] ^§ # T^§ TflolH 

#^4, A o V 7l Tfloje #71 ihi ^ JELSflo] ^>°H1 7fl ^fl ^ ol^ 6\}o] 

^^(silica aerogel)^ i^}^ ^<$.%-°-S. o]^o]^\x^. 

5. lh 
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7fl°)H ^* ^ «_V£^1 ^> ^ ZL ^{Semiconductor device having 

T-gate electrode and method of manufacturing the same} 

£ la Sl lh^ afll ^Al^ofl 4 a ay£^ ^ wj-xg-g. a^^^ 7 ] 

£ 2a £ 2f^r ^12 ^AHlofl ctf^ tiV^^l i^o) ^ w o >»]-g- ^S}7] 

100: «l£^l 7l4£, 100a: *f-&, 100b: *\]2 ^ , 110: 112: *fll *i<3^\ 

114: n0a ; ^<£* 3fl Bl ( U2a: ^ Q<£UL 3fl ^ > U4a . Aje)^ oflC^^ 

n 116: afll 122: 124: =eflo] 3^ 130: ^ 2 136: ^ 2 

140: e^-fl^i <3<*, 150: 31^-, 200: «>£^ 7)&, 200a: *)U 222: 

224: 232: *fll &<&^, 234: ^Ms^t*, 2 36: 240: eMl^ <g<3, 

250: 71]o]e 
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sgUl^Ei (MEtal-Semiconductor Field Effect Transistor: MESFET) SE^ Jl^^ojs.^ 

— e~) (High Electron Mobility Transistor: HEMT)^ ^£^11- °l-§-tr ^31^4 H 

^l^Ei (Field Effect Transistor: FET)* ^ltr ^£^1 ^> ^ ^Srtr 

4. 

5r^# ^£^1 ^M^Ssl- ^>«y MESFET, HEMT4 ^ i^f^ ^^3. 

7>HH^ cf^sf (Multi-Level Metallization, MLM) ^fl-g-tr^r. °l^f ^ 4^2r 

1- §JI tJ tifl^^. ^fVcf. s-^l , jl^o) -o^tr ^7l-§- FET i*HMfe -2 

^iL3.*l TllojE ^R^l ^^Tjnf. 

T^ TlHS ^ #Hfl^ FET ^*HHtt Sf^-l- 7]^;^ S^-g- iLJL*}-7l 

2f^-°l 7fl^fl^lr4. o]fif ^ ^ofl^, 7flo]E 3} t= aaj). ^ °H tt 7 1 

^ ^3^1^71- ^fl£>^, o] S o]§>^ ^Jl*!^ *1<£ (signal delay)4 &7)^<£ ^Jl#^ 
(cross talk)°l ^^4. ^ i4 &z\}9] ^ ^ltb^Jl *KKcut-off) ^^Hr (f T 
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£ ^7}& H>S!f f^Sfl 7l#ofl^^ §-^fl^# Sfl^^>J7^> g>i=. 

7]]olE ^.g. 7 }7]^ ^^lJL2f e^^o^ ^l-o) S.^ ^ ^ olt^ Tfl 

°1H ^4 A>o]oj 71 4 A] ^1- #^23 ^ ol^ ^2:* 7M^ 1&JE*|) ^ 

4^" TllolH #^g- 7}*}^ ^7^1JL4 B^l^E^H t|| o] H ^1^" 

7l^ ^-iA]^ ^ ol- ti_V£^l ^7f^ *f|^*V 

^ ^ 3|-8-] 

Aj-7] S.^^. ^^7] <^}o} ; £ ^ofl ,4s ^7>^ tjVE^ 71^4, ^-7] ti>£ 

A <M ii ^ ^eflo] ^40] A> oioH 7fl*flsH ^e]?} ^ ^(silica aerogel) 

i^Rr ol^o]A]cf. av 7 ) o ^5K V 4 ^e]7f ojloj^^si-o) 

^2\t}7]}^, #7] ^sj-HV-g- 100 ~ 1000 A ^ 7>^JL, ^-71 o\)o] 

3-?£^-& 1000 ~ 3000 A ^ 71-^lcj-. 
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<12> a o > 7 | cf^ s.*^ ^«>7l £ >ni 4^ &5L*H XI S # 

XU tb^*Kr -I: ^7} #51X1 71 $H -*7l XU * 

# **HX ^#^1^ a o V 7 ] 7 ]3g. o^ofl g =eflo] Aj. 7 ) ^ g c 

SflSl #7] ^<3# S^^g- g^r XI 2 ^^t" ^7l XI 2 ^ ^7] 

# A 1 XI 2 *g^W. ^7] X12 -f-^H ^tr^TT -^-71 uV£*fl 7l^Vofl T ^ Tflol 

<14> xU o^ofl icj-s ^oflA^ a o v 7 ] ^2 *-§- 

^#3^ «l£Xl 7l^# ^Z^H A o V 7l #S.Xl 71^ Bl^^ cg<* o. T^Tjll- 

3 T 5^. °1 ^-f , ^7l TflolH ^^-o. a o V 7 } ej^)^ c^^ofl ^<gcf. 

<i5> S*l, -8-71 cf^ s-^-g- ^«V7l -g- ^-^51 XI 2 <#3H1 W-^- ^r£Xl i^>^l XI 

A oM aV£Xl 7l#2l ^* Sfe XU ^^tbcf. ^7l XU 3H1 -^el7> o\}o] 

S.m u ^ ^-71 6\]o]S.^ ^ XI 1 3flBi^*H "^71 H>£X1 71^31 

XI 1 ^#Al^]cf. Aj-71 xl 1 -¥-£-X| Xl^lH ^^W. w>^^>Xl^, 

^71 XU ^ej^- *l$-iaWc|.. 

<16> a. ^-t^cHl TflolH 7>^1^ ^XIJL^ B^liEioflA-1 TflolB 

^i^" ^n^^m ^A]^ C.^>X ^7>o] ^ ^5>i- «^1*H, ^^g- 

30-7 



1020020074122 2003/11/10 
°1 ^-4 °l-¥-<H^ ^ , RF ^H3°1H ^5}-^7f ^7}s} ^l^-ol 

<i7> t^^, -S- w>^* ^*Hm°ll tfl*H ^ t^sH #^1*1 i§^4. 

<19> £ la» aliE^l 7]^r(100)# §«l^-t}. # 7 1 av^] 7l^(l00)-£- <^]# 

GaAs, InP, GaN, InGaP, InAlAs SE^ AlGaAsS ^l^^ + ojcj. 
<20> £ lbl- t^sf^ , #7l *}5E*11 7lJfr( 100)#°11 ^el^ |s}s[^ 0 jj=Lo^^ ^ 

^■(112)4 ^?)?} <M3.^(114)-& $>8*H ol^^l^ H<£^ 

(110)# ^^W. #71 ^<2#(110HH, #7] ^E]7> <^HS.^^-(114)^- #71 ^El§. ^^.n^ 

(112)^.^1- cl ^MlS. ^^^cf. # 7 1 ^e)^. ^s\.^(n2)^ #7] «J;£^ 71^(100)51 

SHH 2llAlHflol^n|.o. ol^cf. 

<21> 5L lei" ^S*}^, ^ ^ ^-g- °l-g-*H Aj- 7 ] aJe^|. clHs.^^-d^) 

^ *fll ^£^(112)^8: *H15L sfl^sH, #71 aVE.*fl 71^(100)51 ^11 ««.(ioo a )* 
71^- *fll 1-(116)* tt^*Rr ^11 £<&^ 3fl^(H2a) ^ ^5l7> aflo^^ sflEi(ii4a)^-S. 
^3^7 ^<3# 3fl^(iio a )# <§^t}. 

<22> £ Id!- %^*>^, #71 *fll #(116)# -g-^M #71 tilsi^l 71^(100) $H 5. 

^ "u^Kohmic metal )# ^A V *H ^^-(122) ^ 5L3fl9j ^^-(124)-|- ^t^. #7l ±£l 

^(122) ^ B.zl)<£ ^(124)^ #7l »Y5Lx{} 71^(100)51 ^S. ^ ^2:^1 tcj-ej- ufo^ 
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3- 4 s 9X^r. <« 1-^, #7l ^(122) ^ =eflo] ^^(124)-^ AuGe/Ni/Au^- o] 

£ le# ^-S^, #7l ^^-(122) ^ = efl^l ^(124 HI ifl*H ^A<^| ccj-e}- ^ 

°i <£x\z] ^^-ir ^t!: ^, #7l #^-(122) ^ £Lefl<y ^^-(124)^ #7l ^<3# sflU 

(HOa)-i: *fl2 ^^^-(130)^: ^W-. #7l ^12 ^^^"(130)^ ^5l?h <*\°\ 3,^.3, o)^. 

£ lf-i- ^E*}^, ^ ?i*l +\A ^*<H 2}*H #7} 7fl2 ^^^-(130) % #7l 

sflli(llOa)^- s)|e^^^ # 7 J ^ #^(122)^ 3^(124) *}o}6\]*\ #7} ^ 

71^(100)21 ^12 ^(lOOb)-g- ^#^1^1^ ^12 4-(136)* ^#t»-t=K 

£ lg«- , #7l af|2 #(136)^1 #7l ^<3^(130) 3H1 #7l 7fl2 * 

(136) -§- #7l «V£^1 71^(100)^] A)2 Y^-(lOOb)^- ii#^l7l^ 2fl^(£Al 

#7] sflU^ #7l 7fl2 *(136)^ #^H #71 ^2 «-(136)-^ ^Jf-SlJL 

C 1 - 7>^l£^- <§#5|ir 7fl^(£Al tb^^V^ ^^51^, #71 7fl^- 

^"^ ^^ A >^1 =L ^, #71 7fl2 *(136)* -f-sH aV 7 ) ti]-^^ 7 ]^. 

(100)^8: *lzJ-«H #7] «>£^1 71^(100)^1 el^li ^^(140)# nf^^tf. #71 BjAflA. <3 
(140)21 ^^o. ^ o.^ ^ ^ 

£ lh# %^*>^ , #7l el^li ^^(uo)ol <g#^ aV£^l 71^(100)21 7fl2 Jf£-(100b) 
°fl TflolH <|# efl-l- Ti/Pt/Au# ^^>J1, e) = ( lift-off) -§-*<H o) 

*M #71 3fl^# TflTl^H 711 olH ^^"(150)^- $#^4. #71 TflolH ^(150) 

^ItF ^^-^ #71 til£^l 71^(100)21 7fls. ^ 4 el- cf<#^- ol^-oi^ ^ 
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^ltb w>sf go], #7} TflolH ^^-(150)3|- #71 ^^-(122) ^ ^(124) 

7fl°lB ^^-(150)4 ^-71 ii ^(122) ^ £Lefl°l ^(124) A>o]oi] ^^£)o^ oi^ ^2 

3fl€(114a)^ #7] *fl2 ^<^BV(130)^ ^-ol ^-71 Tfll i^5|- sfl ^( H2a) ^>?fl 

(112a)£r ^ 100 ~ 1000A^ 7Wji, ^e^V ollo^^S. oj^o]^^ ^ *fl2 

(130) ^ oflo^^n}- 2)]^(ii4a)^ ^ ^-7)1^ 100Q _ 3000A^T=f. 

2.5 ol*]-^, 0-^^ 7 > 6 ~ 991 ^S^Ml *1«H o.^^ 7 |. ^ ^ ,4 

31-EL ^-^-4 i^i #^3±9] A\°)o\}*\$] 7 )/g 7]^A)Q^ ^7^}t11 #i 

£ 2a tfl^l £ 2f^ -g- ^2 ^Al^^l ttf^. tiV^sfl ^7} 9] afls «J-^-g- ^^71 

£ 2al- ^S^, 71^(200)^^1 ^ ^#^r ^afrSH ^(222) ^ .ELefl 

°J ^1^(224)* #71 a_KE*ll 71^(200)^ GaAs, InP, GaN, InGaP, InAlAs 

5Ett AlGaAsS ^l^M^ ^ ^cf. ^7} ±± 3^(222) ^ = efl<y *]q-(224)-£- #7l uV£;ifl 7 1 
^(200)^ 7.1)5. ^ -^^ofl nq-e^- cf<#*> #^JeL *§^f] ^ oicf. ofl^. §ig t #7] ^ ^ 
(222) ^ ^eflo] ^^-(224)^ AuGe/Ni/AuS. o^ol^ ^ oiq-. 
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<3i> £ 2b* #^3-1-^ , #7l ±^ ^(222) *2 ^^"(224)^1 tfl*H 4^ -2. 

U A l^sl -g-^^ ^tb ^"71 ^^-(222) ^ =eflo] ^^-(224)^ # 7 1 *V£*11 7l# 

(200)^1 ^-g: *fll ^<3^(232)-a- ^-Sth}. afll ^^^-(232)^ ^3^- Is!^ 

3<>) ti>^s>cf. ^7) afli ^<g^(232)€- «t 100 ~ 1000 AS] *f-v\)£. ^^*lnf. 
<32> £ 2c» t2s}^ , #7l ^11 ^^^(232) $H <$°)3,*£^(2M)-%: # 

7l ^S]7l- ^1^3.^^(234)^ ^ 1000 - 3000A^1 *f-v\}S. ^^tf. 
<33> £ 2d!- %^*>^ , ^ SE^r -^^ ^ofl av 7 ) o 1 l^^^ov ( 234) ^ 

^11 ^^^-(232)1- sflEi^^V^ ^-71 4ii ^(222)^ ^(224) A}o]ofl av 7 ] w].^ 

7]^(200)^ afli «.«.(200a)^r ^#^1 *(236)* 
<34> £ 2e# , ^7l *(236)ol <g>£€ s&7] ^5]7> ofl^S.^BV(234) $H Aj- 7 j 

(236)^r -g-SH >a-7l ^51*11 71^(200)^ *1)1 ^-^-(200a)* ^#^1 7l^r ^-^-nv s^cea] >$sf 
^^4. #71 #W sfl^i^- ^7l #(236)S] a o v 7 ] ^(236)4 <3^-3uL o^c}- 

D] *]^# 7>7l£^. tg^fe 7fl^(£A] *V^^>£^- ^5^, ^ 7 | 7fl^jMr ^ 

^A>^1 ^ta-l; =L ^, ^7] l-(236)-i- -f-SH ^-#5]^ >^7l 71^(200)1; ^ A 

*M ^7l 71^(200 H aMl^ <3^(240)-§- ^W 1 }. #7l e]4^ ^ (240)^1 

<35> £ 2f» %^*}^, ^-71 sHl^ ^^(240)^1 ti_K5L3l 71^(200)2] jjfli «.^-(200a) 

>1MH 3^ ^ oil* Ti/Pt/AuS ^^ji, e^B-iL^C lift-off) -g-^ofl o] 

*M ^-7] Hfl^-fr ^71^ TflolH #^-(250)* TflojE ^(250) 

^^"i: ^tb ^g-^r A o v 7l tiVi^ll 71^(200)^1 7fl^. ^ ^ofl oj-ej- cf<^*> 0]^^ ^ 
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*fl2 ^Al^oil u\b} *|)3^ 4-4^ ^ofl oio]^ , TilolH dbi 

^^*>7fl ^ $X^. 

9ltr *d<£^tL£.*\ ^r^.^7} ^ ^e]?)- ojl^^^^-o. ^^.^cf ^, MESFET £E^r 
HEMTf4 ^ tiV£^l» oj-g.*]- FETir *H^Rr cfl ti}£^l 7 1^^ ^oflA^ o]- 

^^M, ^ofl ^l*}^, Tlloje #^g: ^TIIJl^ h^i^e-h^ ^oie 

^^ol icf ^ o^o^ ^ &0_n}, RF ^°1H ^Sj-^7> #7>^ ^7} 9] *\]^o) 

°K\ ^ HV^tb ^Ml*l-7ll ^^1-53 AH-, ^7) 

^3*1 7}^ A}^o) tfl^A-^ # -g-C)ofl^ xjAl^. 7 ^ 
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1] 

A o v 7l aV£^l ^-i- ol=s.s av 7 ) a> £ ^ 7]* ^€ ±i =efl 

^(silica aerogel)^ S#*>fe- ^^#^.5. o] ^o] y=- ^o. ^io s wV£*fl ±.x\ m 

[3^* 2] 

^1^1 $a°H, 

1 3] 

^12%H1 5fl<H*1. 

*Rr Sh£*ll ^7f. 
[^T 1 * 4] 

^7] 100 ~ 1000 AS] ^^11- 7}X]^ ^lO S 3>^- 
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5] 

^7] oflo^^nKg, 10Q0 3000 A ^ ^ 

6] 

-SM *fll ir-Br -f-^H ^#^1^ ^-71 tfVE^l 7l^r ^<Hl i>i ^ ELt)}°] ^-g- «g^w> 
^-7) ^ * H-Eflo] ^^-2). #71 ^<g# 5flBi# ^ ^2 ^<?§^# ^*Rr 

1- S^*Rr 3# f^AS S}^ tij-S^l ^7>5] wj-^ . 

7] 

^ a o V ^ . 

8] 
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#7] HVE^l 7l^r iflofl ^71 *fll ^o^nj-o. ^tH^, 

9] 

^o V 7l 711 °1M #^£r ^"71 £^1^ ^^o)l ^]|. 4^05. ^ tiVS^j ^7>S] ^ 

10] 

A o V 7l ^ ^efl^l A oM tiV£^l 7l^ *fll ^^Rr 

^"71 *fll ^^nV o^ofl «Hl<H^5|t ^*Hr ^rTflSf, 

^7] ^7}- ^O^^nl- ^ ^ ;g<gnl-g- #7] ti>x=^ 7^0] ^ 

^7) *fll ^-^-ofl T ^ 711 olH #^Mr *g^*Rr #7|1« £ft}^ ^-g- ^JLS. <5> 
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